The effect of doses of morphine (10 mg/70 kg) on the forearm blood flow and vascular resistance was evaluated in 10 adults. The present findings were correlated with the central haemodynamic changes observed previously. Consistent and significant increases in forearm blood flow and significant decreases in forearm vascular resistance were observed in all patients.
The pharmacological actions of morphine on the peripheral vascular system have been reported by numbers of workers and although the results of the studies are conflicting, the majority indicate that morphine has a dilating effect on peripheral vessels. Most of the information concerning the peripheral vascular effects of morphine has been derived from experimental animals and the varying results of reported investigations may be attributed, at least in part, to species differences. Thus, in dogs anaesthetized with chloralose, Henney and colleagues (1966) demonstrated a marked reduction of total systemic resistance following morphine 1 mg/kg. Similarly, Lowenstein and associates (1972) showed, in the isolated canine gracilis muscle preparation, that the decrease in skeletal muscle vascular resistance after morphine 0.05 mg.min" 1 was consistent, dose-dependent and reversible with time. However, it is now known that the dose-response relationship for morphine is quantitatively different in dog and man and the 1-4 mg/kg doses used in experimental animals is greater than that used normally in clinical practice.
In man, the action of morphine on the peripheral vascular system has been inferred largely from changes in total systemic vascular resistance. Wong and associates (1973) found that the administration of morphine 2 mg/kg with oxygen to awake healthy human subjects was followed by a significant decrease in total systemic vascular resistance. Kehm, Mack and Schlobohm (1970) gave 1 and 2 mg/kg of morphine to healthy patients before surgery and noticed a 25-30% decrease in peripheral resistance. In these, and in many other human studies, anaesthetic or subanaesthetic (35-900 mg) doses of morphine were used and in many instances this drug was given by continuous infusion. Information on the peripheral vascular effect of therapeutic doses (10 mg/70 kg) of morphine is lacking. Samuel, Clarke and Dundee (1977) have inferred that peripheral vasodilatation was one of the major pharmacological effects of morphine, being mainly responsible for the haemodynamic changes demonstrated in patients with no pre-existing cardiovascular disease. Their conclusions were based on the overall pattern of response, and peripheral blood flow was not measured.
The aim of the present study was to evaluate the effects of 10 mg/70 kg doses of morphine on the forearm blood flow and vascular resistance. Because these studies were undertaken in a group of patients similar to those in the previous study (Samuel, Clarke and Dundee, 1977 ) the present findings can be correlated with the central haemodynamic changes observed previously.
METHOD
Ten adults recovering from the effects of trauma and who had been admitted to the Intensive Care Unit were studied when the acute phase of the injury had passed (5-7 days). All were in stable haemodynamic and metabolic states at the time of the study. The ages ranged from 18 to 45 yr and the weights from 60 to 71 kg. Patients included in the study had no cardiovascular disease and lung function was normal.
The following were recorded: (a) Arterial pressure. A radial artery catheter was connected to a strain-gauge coupled to a chart recorder. (b) Forearm blood flow. This was measured by venous occlusion plethysmography using a mercuryfilled rubber strain-gauge (Whitney, 1953) . Flow records were obtained three times a minute and each value shown is an average of six measurements.
The following were derived from the above measurements: Mean arterial pressure (mm Hg) = diastolic pressure + one-third of pulse pressure Forearm vascular resistance (units) = mean arterial pressure (mm Hg) forearm blood flow (ml. 100 ml" 1 .min" 1 )
The protocol followed in each patient was: (1) The collecting cuff was inflated to a pressure of 200 mm Hg. In order to rest the arm, the occluding cuff was deflated for 5 min after the 20-, 40-and 60-min readings and re-inflated to the original pressure at least 1 min before commencement of subsequent measurements of forearm blood flow.
Each patient acted as his own control and the subsequent paired data were available for statistical analysis by the Student t test. (table I, fig. 1 ) Consistent and significant increases in forearm blood flow occurred in all the patients. A significant increase (P< 0.025) was observed 2 min from the end of the morphine injection and its magnitude had increased further by 10 min (P< 0.001), the peak increase occurring between 18 and 30 min from the end of injection. The increase in forearm blood flow remained highly significant for 60-75 min.
RESULTS
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Small decreases occurred in all the patients, the extent of the change being similar to those demonstrated in the previous study. Forearm vascular resistance (table II) Significant decreases (P<0.001) were observed as early as 2 min from the end of the morphine injection, the peak effect occurring at 20 min. Even at the end of 75 min, the forearm vascular resistance was still decreased significantly (P< 0.005).
DISCUSSION
The majority of workers agree that morphine has a peripheral vasodilatory effect (Schmidt and Livingston, 1933; Jaffe, 1965; Lowenstein et al., 1972) . The present study has further demonstrated that, in patients with unimpaired cardiovascular system, the i.v. administration of clinically used doses of morphine results in an immediate and significant increase in forearm blood flow, accompanied by a significant decrease in forearm vascular resistance. This is in agreement with changes reported by Zelis and others (1974) , who noticed a 35% increase in forearm blood flow following the i.v. injection of morphine 15 mg in normal subjects.
Changes in limb blood flow as a measured circulatory index give little information regarding the actual calibre of the blood vessel. Factors such as changes in cardiac output, the extent of the sympathetic innervation of blood vessels, viscosity of the blood, pathological state of the vessel wall, catecholamine content of the vessel and local tissue pH, all contribute, in greater or lesser measure, to maintain an effective regional tissue perfusion. Therefore, any change in the blood flow has to be related to changes in one or more of these factors. In the previous study, carried out in similar patients, Samuel, Clarke and Dundee (1977) have shown that cardiac output remained remarkably stable following morphine. Hence, the increases observed in forearm blood flow are not a result of changes in cardiac output. None of the other factors referred to above is likely to have changed during the course of this study. Moreover, since each individual patient acted as his own "control", the changes seen after morphine must be caused by the drug itself. This suggests that morphine has a local vasodilator effect on the peripheral (limb) blood vessels.
In view of the 27% peak increase in limb blood flow occurring in the present study, it is surprising that Samuel, Clarke and Dundee (1977) did not find greater changes in mean arterial pressure following morphine. Surprisingly, however, the decrease in total systemic vascular resistance was transient and bore no relation either to the average peak limb blood flow changes or to the total duration of the response. A stable arterial pressure, in the presence of significant reductions in forearm vascular resistance, could signify a compensatory vasoconstriction in some other part of the body, possibly the portal or splanchnic vascular bed. Such regional differences in the vascular response to morphine have been suggested in animals (Schmidt and Livingston, 1933) . Considerable uncertainty still exists regarding the precise mechanism of morphine-induced vasodilatation, which could be either a neurally mediated or a local effect. It is claimed that, in man, morphine induces a peripheral venous and arteriolar dilatation by a reflex reduction in sympathetic alpha-adrenergic tone (Henney et al., 1966; Zelis et al., 1974) . Zelis and others (1974) demonstrated that the dose-response curve to continuously infused intra-arterial noradrenaline was unaffected after i.v. morphine administration. Therefore, they concluded that morphine-induced venodilatation was unlikely to be secondary to peripheral alpha-adrenergic blockade but may be related to attenuation of the sympathetic efferent discharge at central nervous system level ("central sympatholysis").
1-H-H-
By injecting morphine directly into the artery in an acutely denervated canine gracilis muscle preparation, Lowenstein and others (1972) demonstrated a local decrease in skeletal muscle vascular resistance, which was consistent, dose-dependent and reversible with time. Grundy (1968) observed relaxation of isolated human blood vessel strips after exposure to morphine, while Samuel and Dundee (1975) have demonstrated a local arteriolar dilatation following morphine. This occurred even after brachial plexus block had effectively removed sympathetic vasodilatation following i.v. morphine. The predominant effect seems to be local. 
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SUMARIO
El efecto de dosis de morfina de 10 mg/70 kg de peso corporal, sobre el torrente circulatorio en el antebrazo y la resistencia vascular fue evaluado en 10 adultos. Los acruales hallazgos fueron correlacionados con los cambios hemodinamicos centrales observados anteriormente. En todos los pacientes se observaron aumentos consistentes y significativos en la circulation sanguinea, y descensos significativos en la resistencia vascular en el antebrazo.
